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Abstract 
This qualitative study was conducted to examine how multi-disciplinary environmental 
science teams utilize cyber-infrastructure to generate and assess evidence as part of 
their boundary spanning research.  We find that this interdisciplinary research is 
difficult due to the divergent institutional logics of the team members (represented by 
the tenets of their communities of practices, dominant epistemological frameworks and 
dispositions towards data) which force researchers to synthesize incommensurate forms 
of data and warrants into their scientific arguments.  We examine how the affordances 
enacted in the cyber-infrastructure enabled one environmental science team to 
ameliorate these challenges.  This study contributes to the nascent literature on the new 
forms of evidence giving within scientific fields by building a theoretical framework to 
account for how affordances enacted within cyber-infrastructure can assist researchers 
as they negotiate the conflicting institutional logics associated with diverse fields.  We 
conclude by discussing how these issues impact the effectiveness of interdisciplinary 
inquiry. 
Keywords:  cyber-infrastructure, affordances, scientific inter-disciplinary teams 
Introduction 
The environmental sciences (ES) conduct research on topics that directly address some of the 
most pressing issues that humanity faces today – environmental degradation resulting from climate 
change and the potential efficacy of associated sustainability initiatives. Since this type of knowledge work 
is multifaceted and complex, the ES community needs to create interdisciplinary teams. These teams 
construct and engage in sophisticated arguments which draw upon a wide breadth of expertise pertinent 
to the ES research. These disciplines need to also adopt new forms of evidence generation and 
interpretation as a result of ongoing efforts to erect advanced cyber–infrastructures (Ebi et al, 2014) (van 
Vuuren et al, 2014)(National Science Foundation 2007)(Rosenzweig et al, 2014). These knowledge 
infrastructures encompass heterogeneous institutions, arrangements, information technology, facilities 
and human capital, and their purpose is to enable and effect large-scale scientific research on 
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environmental change (Tilson, Lyytinen & Sørensen 2010). The goal of the emerging research regime 
enabled by digital mediation is to provide scientists with the flexibility to collaborate across diverse 
disciplines when separated by time and space. This covers all facets of scientific work from 
instrumentation, data generation, analysis to interpretation and reporting. 
 
The main objective of diverse teams in ES is to formulate sound arguments which advance 
knowledge frontiers related to climate change. Such arguments generally rest on movements from data 
(evidence) through a warrant to a claim or a position (Toulmin 2003). In the context of the environmental 
sciences, such arguments are inextricably linked with the buildup and availability of new forms of cyber-
infrastructure that creates foundations for new kinds of evidence (in the form of various data / results) 
and warrants (in the form of new analytical and computational methods). The challenge for 
interdisciplinary teams in working with this infrastructure is twofold: 1) new forms of data and warrants 
enter into discourse while the cyber-infrastructure grows, and 2) the overall heterogeneity and size of the 
teams increases as the cyber-infrastructure becomes more complex. This poses significant coordination 
problems – how are such scientific collaborations in unprecedented scale and complexity carried out, and 
how are new forms of evidence giving and use negotiated within these teams? To address the first issue- 
how new forms of data and warrants enter the discourse - we conduct a qualitative study with the goal to 
examine how one community within the ES field - Critical Zone scientists - utilize cyber-infrastructure.  
Specifically, we examine how they enact affordances rendered by cyber-infrastructure to formulate and 
defend their arguments across heterogeneous sub-disciplines in that community. 
 
A key feature for the formation of new knowledge in an interdisciplinary setting is the inevitable 
presence of diverse institutional logics within the team – a variety of material routines, cultures, and 
values that influence scientist’s cognition and behavior (Thornton, Cassio and Lowndes Barry 2012). 
Accordingly, in the development of their scientific arguments - warrants - which offer the rationale for a 
step to legitimate a claim based on the data, are by necessity contextualized within the framework of the 
particular local institutional logics of the discipline. In the scientific community, multiple institutional 
logics are constituted by the unique tenets of each community of practice – the practices associated with 
using data and making claims, related epistemological perspectives that inform the legitimacy of such 
claims, and unique characteristics of data mobilized in various ways in that local community. Due to the 
presence of several diverse institutional logics, THE “scientific method” is not understood and deployed 
uniformly across the participating sciences (Knorr Cetina 1999)(Galison 1996). 
 
Teams operating under multiple conflicting institutional logics may experience a diverse 
spectrum of outcomes (Battilana & Dorado 2010)(Zilber 2002)(Binder 2007) (McPherson & Sauder 
2013).  In some instances, dissimilar institutional logics may lead to positive results such as innovative 
insights (Jay 2012) (Kraatz & Block 2008). In other contexts, colliding institutional logics may lead to 
negative outcomes such as intractable conflict, the fight over resources, or even the dissolution of the 
community (Tracey, Phillips & Jarvis 2011). However, little is known about what causes such diverse 
results in scientific teams. Further, there is a lack of insight into how cyber-infrastructure can promote 
positive outcomes in this challenging interdisciplinary setting.   
 
Overall, the central research question of this study is “How can affordances enacted through 
cyber-infrastructure enable ES teams to overcome the challenges of their diverse, opposing institutional 
logics as they construct their inter-disciplinary scientific arguments?”  Consequently, two main goals 
characterize this study: 1) to furnish an empirical analysis of how affordances rendered by the cyber-
infrastructure are utilized by diverse ES teams to synthesize disparate forms of data, evidence and 
analytical methods into a more coherent argument.  2) To incorporate the empirical evidence into a 
theoretical model that provides insights into how IT systems often play a critical role in either 
ameliorating or exacerbating challenges presented by the confounding institutional logics and related 
evidence giving in a scientific team. 
 
In the qualitative study as outlined below, we examine inter-disciplinary teams composed of two 
ES Critical Zone sub-disciplines, e.g., sedimentologists and environmental biologists. Based on our 
findings, we articulate a conceptual framework that conveys how three families of affordances rendered by 
the cyber-infrastructure ameliorated the conflicting institutional logics that these sub-disciplines 
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represent.  These affordances are: A) the evidentiary amalgamation, B) global sensemaking agility, and C) 
hypothesis pluraformity. 
 
This study contributes to the nascent understanding of the new forms of evidence giving in 
scientific teams enabled by the cyberinfrastructure. It does so by delineating how the affordances present 
in advanced cyber-infrastructure become constituted within the negotiation processes carried out by 
diverse ES teams as they debate what counts as evidence, how warrants are legitimated and how these 
elements are weighed in their final argument. In addition, this theoretical model also provides a 
framework for identifying important features of technology affordances which promote the efficacy of 
scientific teams.  As such, it contributes to the literature by identifying design opportunities for the future 
development of cyber-infrastructure. 
 
This paper proceeds as follows: A) Literature Review: we provide a brief outline of the extant 
literature pertaining to the environmental sciences and the challenges of forming interdisciplinary teams.  
We also identify a major lacuna in the corpus and contextualize how the present study addresses this 
research need.  B) Theoretical Foundations: we build a conceptual grounding for this qualitative case 
study by focusing on the constructs of institutional logics, IS affordances and the nature of scientific 
arguments. We articulate how they interrelate in the model that arose out of our study.  C) Research 
Methods: we then review the methodology employed in this study by identifying the qualitative tools used 
in this research effort.  D) Case Findings and Analysis: the next section provides a detailed presentation of 
the outcomes of the study which include the emergence of the theoretical model that describes the role of 
institutional logics and IS affordances in the formulation of the scientific arguments of the teams being 
studied.  E) Discussion Section: this section reviews the implications of this study for future research.  It 
also presents the results of the study as a design opportunity for the future development of cyber-
infrastructure.  F) Limitations: we outline the limitations of the study and identify opportunities for future 
research. G) Conclusion: we summarize chief insights of the study and discuss their relevance for the field.   
Epistemic Cultures 
     There is a significant corpus of scholarship that has studied how organizations facilitate work 
collaboration among its members (Cummings 2008)(Malone 1994)(Thompson 1976). However, there is 
relatively little known about how knowledge integration is experienced in diverse scientific research teams 
(Olson 2000)(Balakrishnan, et al. 2011). In particular, while technologies may support greater 
communication efforts and knowledge distribution among a community, there are relatively few studies 
examining the diversity within the scientific domain and its influence on how scientists utilize cyber-
infrastructure to conduct interdisciplinary investigations.  
      
For example, diverse “epistemic cultures” have been identified within various scientific fields 
(Knorr Cetina 1981, 1983, 1999).  Epistemic cultures have been defined as “those amalgams of 
arrangements and mechanisms – bonded through affinity, necessity, and historical coincidence – which, 
in a given field, make up how we know what we know” (Knorr Cetina, p. 1, 1999).  A growing number of 
researchers such as Hacking (1983)(1999), Dupre (1993), Galison and Stump (1996), Galison (1997) have 
documented the diversity of research perspectives in the general scientific domain.  This diversity reflects 
an aura of epistemological assumptions that incorporate a wide array of scientific instrumentation and 
arise out of the concrete practices endemic to the various disciplines.  This corpus of literature, while 
exemplary in the way that it presents the diversity of scientific reasoning in the various disciplines, has a 
notable omission: there is a dearth of research that examines how disparate scientific fields collaborate on 
interdisciplinary teams through the utilization of advanced cyber-infrastructure.  
   
Similarly, the corpus of literature concentrating on scientific research has reviewed the issue from 
the perspective of the following disciplines: a) high energy physics (Galison 1997)(Knorr Cetina 
1999)(Traweek 1988), b) micro-biology (Knorr Cetina 1981), c) chemistry (Zenzen & Restivo 1982), d) 
oceanography (Goodwin 1995), and e) the life sciences (Lynch 2011)(Lynch 1993).  However, there is a 
paucity of research that examines how divergent disciplines in the Environmental Sciences community 
(ES) collaborate.  While there have been notable studies conducted by Edwards (2010), Borgman (2013) 
Bowker (2000) and Sundberg (2007), they tend to focus on a single component of the ES community. As 
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demonstrated below, this community is large, diverse and deserves special attention to its operation as a 
whole as an interdisciplinary venue. 
 
Of particular import for our inquiry in the corpus cited above are the contributions of Knorr 
Cetina and Edwards.  Knorr Cetina meticulously documents how various disciplines differ in their 
approach to the scientific enterprise.  Utilizing the metaphor of an epistemic culture, she traces path-
dependent processes and context specific situations that influence how diverse disciplines legitimate their 
findings - a similar concern to ours.  Her emphasis is, however on the pluraformity and insularity of the 
perspectives in each community, not how these disparate disciplines might interact.  Conversely, Edwards 
utilizes eloquently the construct of “infrastructure” as to emphasize the continuity and reliability of the 
institutional arrangements that enable the work of meteorologists and climate scientists. In this regard we 
follow Edwards’ footsteps. At the same time, while Edwards presents masterfully the difficulty associated 
with acquiring climate data, his framework focuses on the similarities within the scientific enterprises he 
studies. For him explored scientific endeavors have a similar epistemological profile, e.g., they all conduct 
experiments, utilize mathematics and build theory (Edwards 2010, p.19).  In contrast, in our qualitative 
study, we examine two disciplines within the Critical Zone community which share dramatically different 
scientific paradigms, and yet, they need to be able to enact a dynamic relationship through the 
technological affordances of cyber-infrastructure which allows them new forms of sensemaking within an 
interdisciplinary team.   
 
ES, Cyber-infrastructure and Modes of Evidence Giving 
 
The complexity of climate change requires researchers to analyze phenomena that is highly 
heterogeneous with regards to the unit and level of observation (microscopic to global systems), 
geographic location (local, national and global) and temporal context (ancient past, present and future).  
As a result, diverse interdisciplinary teams need to be formed to generate scientific insights about the 
various facets along unit/level, geography and time horizon. This effort is now increasingly supported by 
cyber-infrastructure which we define as all technologies, human capital, institutions and relationships 
incorporated into this vast research enterprise (Tilson, Lyytinen & Sørensen 2010).  Due to this unique 
context, cyber-infrastructure as a conceptual construct, is different from other forms of infrastructure due 
to its purpose, size, duration and complexity of the undertaking, the wide range of stakeholders involved 
and its potential to transform the scientific enterprise (Kirsch & Slaughter 2013). Its goals at the highest 
level, for instance, are to revolutionize the scientific community’s ability to assess and address some of the 
most complex phenomena that take place at a global scale.  The design requirements, while often 
stringent, emerge and evolve over time.  The development practices that must operationalize the myriad 
requirements for this network of networks are uncertain, dynamic and reflect the diversity of the 
individual tasks of all the component parts.  Similarly, a broad spectrum of stakeholders, reflecting the 
gamut of interests that range from nation states to the individual scientist carrying out experiments at the 
local level, must work in concert for the aggregate results to be assessed and made available to the world 
community.  Underlying all of this are the economic, political, management and funding issues that play 
out over years, if not decades, of intensive effort.  In summary, cyber-infrastructure presents a unique set 
of challenges which reflect the panoply of actors and issues that must be understood and addressed in 
order for this singular socio-technical system to advance the frontiers of knowledge (Kirsch & Slaughter 
2013).  
 
To illustrate - with the novel capabilities such as sensor systems, supercomputing capacities, etc., 
cyber-infrastructure engenders the development of new forms of evidence, and new forms of analysis have 
to be developed to interpret them. The scientific advances are also fostered by new forms of collaboration 
among disparate disciplines. However, these changes bring a host of challenges as researchers struggle to 
synthesize the diversity of data and methods which encompass often conflicting and contradictory 
epistemological perspectives instantiated in the various disciplines.  These dynamics will be examined 
below in terms of their implications for theorizing about how IT use influences evidence giving and 
legitimation across scientific communities.  
 
The principle goal of the ES inter-disciplinary teams is the creation of new scientific 
understandings which advance the frontiers of human knowledge.  However, due to the diversity of their 
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epistemological perspectives, in the most extreme cases, disciplines may share little in common with 
regard to how they appropriate and understand the scientific method. The Oxford Dictionary defines the 
scientific method as “consisting in systematic observation, measurement, experiment and the 
formulation, testing and modification of the hypothesis.”  In such a context, scientists need to rely on 
practical forms of reasoning to create an argument about what counts or does not count as evidence in 
their study context (Weick 1995)(Habermas 1981).  This argument format is a type of sense making 
whereby an explicit claim is made about a phenomenon, and the claim is then thematized in order to 
establish its veracity in the face of anticipated challenges (Habermas 1981).  The arguments in turn are 
conveyed in different forms of discourse – texts, essays, journal articles and conversations (Phillips et al 
2004) (Johnstone 2002). Thus, while the data and analytical methods exhibit a multimodal format, the 
arguments themselves rely on discursive structures which manifest debates that take place over what 
constitutes data, the legitimacy of associated analytical strategies, the nature of causation and the ultimate 
interpretation of the findings. 
  
One of the most comprehensive presentations of arguments used in practical reasoning is 
provided by Toulmin (2003).  Toulmin categorizes the formulation of an argument into three distinct 
parts.  They are the data, the warrant, and the claim. In this schema, the data refers to the “facts” or the 
opinions which comprise the initial evidence.  The warrant is “incidental and explanatory, its task being 
simply to register explicitly the legitimacy of the steps involved and to refer it back to the larger class of 
steps whose legitimacy is being proposed” (Toulmin 2003 p. 92). The claim elucidates the conclusion 
which is built on the strength of the data and the cogency of the warrant in the argument. In addition to 
the main components of the argument, Toulmin also suggests that the warrant and claim can be 
explicated further with additional material. For instance, the “backing” clarifies and supports the 
assumptions which are implicit in the warrant.  Similarly, the “rebuttal” qualifies the claim by delimiting 
instances in which it will not be true.  Finally, the “qualifier” indicates the probability that the claim is true 
which reflects the level of confidence in the truth claim of the statement (Toulmin 2003). 
 
The context for the formation of arguments is of paramount importance since they are not established in a 
vacuum.  Rather, the construction of arguments in the ES field, which are now dependent on the use of 
cyber-infrastructure, reveals a dynamic process reflecting “the recursive intertwining of humans and 
technology in practice” (Orlikowski 2007, p. 1437) showing a strong interplay between human and 
technological agency. Important constructs elucidating the nature of this interaction is the idea of 
affordances which convey generally that the technology “affords” specific opportunities for humans to act 
in specific contexts (Leonardi 2011) - in this case to construct their arguments in specific ways. The 
original concept of affordances comes from Gibson (1986) who defined them as action possibilities 
proffered by an object and construed in terms of the user’s perspective: “what we perceive when we look at 
objects are their affordances, not their qualities (Gibson, 1986, p. 134)”.  Accordingly, affordances can be 
defined as the action potential of the present set of IT artefacts as they are interpreted by a user in a 
particular milieu (Markus & Silver 2008).  It is their ‘perceived’ functionality which enables 
cyberinfrastructure to serve as the confluence between the local socio-material instantiation and the 
larger institutional context in making effective arguments. Thus, the interplay between human and 
technological agencies co-constitute new routines with new technologies where the data deployed by the 
ES community are produced, amassed and legitimized (Introna & Hayes 2011).  In this case study, we 
specifically focused on the ways in which affordances are dynamically enacted which enable the 
realignment of different forms of use and interpretation of evidence between studied disciplines – not just 
those affordances integral to the internal forms of evidence giving in each community. 
 
A further nuance of this perspective suggests that the individual’s actions and specific in situ 
activity of technology takes place always in a larger context of institutions which can be conceived as 
embodying the organizing principles and protocols, which perdure over time and become reified in 
discourse and action (Jepperson 1991)(Berger & Luckmann 2011). Thus, institutions influence the 
establishment of arguments at every level of the formation of disciplinary fields (Berente & Yoo 
2012)(Orlikowski & Barley 2001). An important crossing which provides the background for the in situ 
interplay of human and technological agency on the one hand and the broader cross cutting themes of 
institutional organizing principles on the other is the concept of institutional logics (Seidel & Berente 
2013)(Berenete & Yoo 2012)(Friedland & Alford 1991). Institutional logics embody here the “material 
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practices and symbolic constructions” (Friedland & Alford 1991, p. 248) as they manifest the standards, 
objectives and cultural values of a particular institution (Thorton, Ocasio, Lounsbury 2012).  This issue is 
of particular import for the ES teams, because they confronted the challenges of conducting inter-
disciplinary research and thus need to address multiple and often conflicting institutional logics within 
the team.  
 
In this general framework, affordances comprise the pivotal concept that forms the theoretical 
nexus between the socio-material interplay at the local level and the institutional settings at the higher 
level. An affordance thus describes how a localized IT artefact is utilized in accordance with the 
institutional logics of the agent. The primary goal of the qualitative study that follows is to describe and 
understand how ES teams utilize affordances dynamically enacted through IT artefacts to overcome and 
negotiate the seemingly prohibitive disjunctions of the institutional logics embedded in the various 
disciplines in terms of what counts as data and what forms of inference are acceptable. 
 
Research Methods 
 
There is a dearth of research on how technologies and data are provided as evidence in the ES 
field (Melville 2011). Accordingly, the analysis that follows utilized a qualitative case study to examine 
how Critical Zone researchers utilize cyber-infrastructure in their scientific work. The Critical Zone is the 
“critical” area which is conducive to life and it comprises the area of the Earth’s surface from the deepest 
wells to the upper reaches of the atmosphere.  The Critical Zone community is one of the most diverse 
research enterprises in the ES field.  The Earth's Critical Zone is the “heterogeneous, near surface 
environment in which complex interactions involving rock, soil, water, air, and living organisms regulate 
the natural habitat and determine the availability of life-sustaining resources” (National Science 
Foundation, 2011, p.2).   
 
Qualitative case studies have a long tradition in the IS corpus (Davidson & Chrisma 2007)(Klein 
and Meyers 1999).  They are particularly illuminative, if the case represents a critical, extreme, unique or 
revelatory event, context or situation (Klein and Meyers 1999).  In this study, two ES communities were 
identified and studied, because of the extreme dissimilarities in their institutional logics and the 
consequent appropriation of the affordances of cyber-infrastructure in their research regimes. The context 
presented a singular opportunity to analyze and theorize about how divergent scientific disciplines 
struggle to coordinate their activities amidst conflicting world views that radically differentiate their use of 
information technologies. 
 
Data collection comprised of two distinct components: 1) individual interviews with the stakeholders (i.e., 
domain scientists, cyber-infrastructure specialists, the funding community – the National Science 
Foundation, etc.), 2) publicly available background documentation was reviewed as it related to the 
specific scientific domain research fields as well as the general cyber-infrastructure issues and other 
initiatives of note within the National Science Foundation.  Interviews were conducted with 44 leading 
members of the environmental science community in a variety of sub-disciplines (including 2 Nobel Prize 
laureates). The average interview length was sixty minutes with the longest interview lasting more than 
ninety minutes.  The interviews were conducted both in face to face settings as well as using various media 
such as telephone interviews, and video-conferencing interviews.  The interviews were captured (pending 
the consent of the participants) on digital audio recording devices and by other digital recording processes 
such as through the Skype video conferencing platform as appropriate. Interviews were transcribed. 
During and after each interview, extensive field notes were taken to capture the range of significance 
revealed by the conversations.  Qualitative software “QSR NVivo” was deployed to carry out the open 
coding and axial coding components of the process. 
 
Background information on the various scientific subfields within the environmental sciences 
domain was reviewed in order to get a general appreciation of the types of research that was being 
conducted in these fields. In addition, background information on the various scientists was reviewed so 
as to improve the contextualization of their insights. Every effort was made to interview typical high 
performing scientist from the distinct subfields. Therefore, while this study engaged anyone in the specific 
domain of research, it was focused on interviewing Principal Investigators who have leading roles in 
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research teams and who have received significant grants from the NSF in the last ten years.  In total, 
several representatives from two main fields (sedimentology and environmental biology) were 
interviewed for this project. Sedimentologists study the geologic formations of sand, silt and clay.  The 
Earth’s sediment contains the fossil record which is often utilized as a proxy indicator for major climatic 
shifts in the ancient past. Environmental biologists study the various dynamics that impact the habitats of 
endangered or threatened species in the ecosystem such as wetlands and fisheries.  In addition, they also 
research the impact of pollution or climate change on an environmental region.  These two groups employ 
the scientific method in radically different ways. The two main fields we focused on are comprised of the 
following sub-fields: A) experimental stratigraphy, B) geochronology community, C) geomicrobiology 
community, D) Hydrospheric modeling community, E) Inland water geochemistry and fluvial 
sedimentology community, F) oceanography community, G) Paleo-geosciences community, H) Structural 
tectonics community, I) Satellite Geosciences Imaging community. 
Case Findings and Analysis 
 In this section we will first identify differences in the institutional logics between the two 
scientific fields – sedimentologists & environmental biologists.  This will be followed with a presentation 
of an illustrative instance where the two groups coordinated their disparate work through affordances of 
the cyber-infrastructure to address the need for calibrating data about indicators of an environmental 
crisis.  Specifically, we found that three affordances were of central importance in their work – 1) 
evidentiary amalgamation (e.g., the ability to identify and assess disparate forms of data and to group 
them into categories), 2) global sense making agility (e.g. the process of identifying an analytical approach 
which will enable the scientists to analyze and understand the evidence effectively,) and 3) hypothesis 
pluraformity (e.g., the ability to entertain distinct and sometimes conflicting hypotheses and then to make 
a final judgement about an issue based on a preponderance of heterogeneous (and possibly conflicting) 
evidence).  We find that these affordances enabled these communities to overcome their seemingly 
insurmountable differences in their communities of practice. 
 Surprisingly, two fundamental aspects of the scientific method are not shared by these two CZ groups.  
Specifically, the sedimentologist community does not falsify the null hypothesis in the course of their 
work as they do not conduct experiments.  In addition, they do not customarily utilize statistical or other 
mathematical analysis in their research regime.  As a result, in many instances they are reluctant to 
develop theories or identify causal mechanisms in their research. They consider their primary purpose to 
be describing what they find – providing systematic observations of a geologic phenomenon. In contrast, 
the environmental biologist community typically utilizes all three of these components of the scientific 
method in their research.  Further, they often attribute causal mechanisms to explain outcomes by 
identifying antecedent conditions or agents that have led to adverse outcomes in the environment.  
Accordingly, these two communities are equally divergent in the way they approach the use of cyber-
infrastructure. The sedimentologist community eschews the use of digital scientific tools in their research, 
while the environmental biologist community embraces them enthusiastically.  This summary of the two 
community’s institutional logics will be evinced below in the representative interviews of select CZ 
scientists. 
Because sedimentologists study geological formations, they do not conduct experiments in the 
conventional sense of the term.  As one sedimentologist observes:  
“We can’t conduct experiments, because the geological formations have been there for a 
millennium and you can’t recreate this in the lab.  You can conduct small scale experiments in 
the lab which are suggestive, but you really can’t reproduce what nature has done in all its 
complexity throughout the course of a thousand or ten thousand years.” PhD Sedimentologist 
In contrast, environmental biologists employ various experimental strategies in their work. 
“Experiments are an important part of what I do.  When I can, I look for naturally occurring 
experimental conditions and learn from them.  These are relatively rare but they do happen, 
and when they do, it can be decisive in helping us to understand what is going on.  Otherwise, I 
try to develop two types of experimental data – lab experiments and other experiments using 
physical models.”  PhD Environmental Biologist 
 
Strikingly, sedimentologists do not attempt to disprove the null hypothesis in their work:  
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“I think an important thing here is that in science you usually try to falsify the null hypothesis. A 
lot of what we do in geology is that we ask the question, collect the data and then we build a 
hypothesis about what happened. And we can’t really test that hypothesis. We may collect more 
data which can be compelling, but we can’t falsify the null hypothesis. And that is one way that I 
think geology differs from the other disciplines.” PhD Sedimentologist 
 
Pursuing a more conventional approach, many environmental biologists in the Critical Zone field are 
interested in testing the hypothesis about fundamental issues in their field. 
 
“The study of the Critical Zone is a relatively young discipline, so we’re all still working out some 
fundamental questions.  For example, my field (environmental biology) has identified three key 
hypotheses that need to be addressed in order for the field to move forward.” PhD 
Environmental Biologist 
 
In addition, few sedimentologists were interested in developing theoretical insights about their field. 
 
“I just collect the rocks…the samples, I am about as far away as you can get from formulating 
theories.  I really don’t believe much of what is published, so I try to stay as far away from 
developing theories as I can.” PhD Sedimentologist 
 
“I do correlations, I don’t do causation.  I would like to do causation, but I can’t, so I can’t 
develop theories about causation.” PhD Sedimentologist 
 
Because of their interest in understanding what impacts environmental systems, the environmental 
biologists are often keenly interested in developing theories about the causal relationships between some 
antecedent agent or process and an environmental issue of interest. 
 
“I can tell you – my chief goal – all I ultimately care about, is finding out the causal mechanisms 
in a particular problem.  I will marshal whatever analysis I need to, consult whatever subject 
matter expert I need to, but in the end, all I care about is determining what the causal agents, 
processes or conditions are that are causing a particular problem in the environment.  
Sometimes the evidence just isn’t there to do this, but in many instances we can provide some 
insight into what has caused a particular problem.” PhD Environmental Biologist 
 
In addition, sedimentologists do not routinely utilize mathematical tools such as statistical analysis in 
their research paradigm:  
 
Question: What is the statistical power of your studies? 
 
Answer:  That is really interesting, because we don’t really worry about that type of stuff. I 
know what you’re referring to, but we got what we got so we don’t really worry about that. In 
the geosciences we are not trained in statistics. All the statistics I use I picked it up on my own. 
In the biosciences you cannot get a PhD without learning statistics. In the State of -------------- 
you can count on one hand the number of PhD’s in Geology who have studied statistics in their 
PhD program. We are not trained in the field.” PhD Sedimentologist 
 
In contrast, the environmental biologists often utilize mathematical and statistical analysis in 
their work.    
 
“I work at various orders of magnitude in my research (in the environmental biology field).  I go 
from the atomic level of analysis all the way up to the global scale…Of course, math and stat 
tools and computational analysis are very important to me.  When I am lucky, in some rare 
instances - I get good data sets and I can do a quality analysis of showing how one level impacts 
another level in the environment.” PhD Environmental Biologist 
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These divergent institutional logics are manifested in the way these respective communities approach the 
cyber-infrastructure.  For example, many sedimentologists eschew utilizing digital tools as they conduct 
their work. 
 
“I do not use anything electronic in the field.  So yes, I have 6 years of field work in notebooks, 
which is not ideal.  I’ll be in the field for a couple of weeks – all of this without infrastructure…. 
So I am all analogue in the field.  When I come back to a computer the things that I do include 
bundling a file in Excel of everything that I collected and all the pictures that I took, I will type 
up my auxiliary notes and my field notes if I have time to do so.” Post Doctoral Fellow, 
Paleontologist 
 
While sedimentologists minimize their use of digital tools, many environmental biologists make extensive 
use of the resources available in the cyber-infrastructure. 
  
“The basic objective in my research group is the study of physical, chemical, biological processes 
--interactions at small scales in the laboratory and then we upscale them to develop theories 
and models we can apply in natural systems.  So we have a really wide variety of data…. A lot 
of our data collection systems are computer-driven. There is for example confocal microscopy 
where you have a sophisticated control system to obtain images and also synchrotron x-ray 
micro-tomography with advance proton source which is a completely automated x-ray imaging 
and after that we do a lot of computing for image processing and interpretation of images.  
Then we are using a lot of computations for modeling as well in analysis simulation of scaling 
and prediction of environmental properties and that also uses a wide range of systems.” PhD 
Environmental Biologist 
  
In summary then, the sedimentology and environmental biology disciplines operate under starkly 
contrasting institutional logics which would seem to prohibit a fruitful collaboration between the two 
groups. They have fundamental and irreconcilable differences over how they understand causal 
mechanisms in their work, whether they form hypotheses, to what extent they conduct experiments which 
influence their dispositions towards using cyber-infrastructure. Remarkably, even with these 
impediments, they were able to utilize the affordances enacted through the cyber-infrastructure to 
contribute to a joint study of environmental crisis indicators.  Below we provide a concise summary of the 
case problem followed by a presentation and analysis of the affordances in the cyber-infrastructure which 
allowed this goal to be achieved.  
 
In 2009, the US Government’s Department of Energy was tasked with managing the survival of a 
protected species of fox at the Elk Hill Naval Petroleum Reserve (NPR) in California.   At this location, the 
Kit Fox population had decreased precipitously from 160 animals to 40 in a short period of time.  This 
decline was coextensive in space and time with an increase in oil drilling activity and production at this 
location.  The greatest decline took place in the most developed portions of the NPR field, and this activity 
could be compared with less developed areas of the field, e.g., NPR 2 and among other habitats available 
in the area which were not circumscribed by the NPR field at all. At the outset of the study, it was 
proposed that the potential causes for this problem could be a dearth of prey availability, reduced habitat 
quality, accidents that prematurely terminated the lives of the animals, a possible disease that devastated 
the population of foxes, increased toxicity levels of contaminants in the environment related to the 
increased oil production, or it could have been the effect of predators on the general population of foxes.  
This research was conducted using the CADDIS (Causal Analysis/Diagnosis Decision Information 
System) software.  CADDIS was established by the Environmental Protection Agency to assist researchers 
in conducting environmental assessments.   
 
In this case, the scientists utilized a reasoning process which is comparable to Toulmin’s schema.  
They collected data, applied warrants and produced claims.  The process was recursive and iterative, and 
it was structured to construct increasingly larger and more sophisticated arguments.  In addition, they 
also engaged in activity such as analyzing the backing for a warrant, enumerating rebuttal arguments 
which delimited where the argument could be wrong and establishing qualifiers which would attempt to 
determine a probability or the truth value for an argument. In the parlance of the scientists, these 
activities could be construed as “weighing” the evidence. 
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In addressing this environmental incident scientists utilized three principles to coordinate their 
disparate work.  We named these principles 1) evidentiary amalgamation, 2) global sense making agility 
and 3) hypothesis pluraformity.  
 
In evidentiary amalgamation, the scientists enacted affordances to accomplish two tasks: a) 
negotiate what constitutes data, and then b) compare incommensurate forms of data in the first stage of 
developing their arguments.  We name the first affordance “information composition” and the second 
affordance “qualitative coherence.”  In the first affordance – “information composition,” the scientists 
struggled with how to represent or characterize the phenomena of interest – in this case the level of 
contaminants in the reserve.  The representation that they settled on became the data that was mediated 
by the cyber-infrastructure and utilized in the argument.  Below are two perspectives about this process.  
 
“One of the things that we struggled with was our differences in perspective. I tried to convey to 
my colleagues that every time you measure something you lose a lot of information… One of the 
tasks which I was given… was to determine the level of contamination in the various soil 
samples from the oil drilling... Now, from my perspective the sample is the data. The physical 
sample is the most important form of data.  Everything else is just a weak representation of the 
data. In my field, we even go so far as to consider representations of the data samples such as 
pictures etc. to be of secondary importance. Now one of the theoretical problems I had with my 
colleagues who were doing the modeling was that I would take relatively small samples – I 
would call them pinpricks really – in the various acreage under investigation. But when my 
modeling colleagues put this together they would take these little pinpricks and build up whole 
maps representing what they think they could infer about the contamination in a given area. So 
from my perspective I’m giving them information about a sample which may be a square foot at 
best and they’re inferring – really making up information – about areas of the field which could 
be meters or acres in size. So at the present time, there’s really no way to try to reconcile the 
differences in the area of magnitude from my pinpricks to their inferential spaces in the map.” 
PhD Sedimentologist 
 
“As an environmental biologist doing fieldwork can be quite challenging. For instance working 
with the rock people – they are giving us samples - really beautiful samples - and what we’re 
trying to do is to build up a grid which will take their samples – and what we think to be 
statistically significant areas - we can - we build up a digital map that gives us some insight into 
the level of contamination in an area. Now due to ecological sensitivities, or the terrain and so 
forth, we may not be able to build up a grid like we want but that’s the goal. So in some ways the 
challenge is to try to build up a pristine representation of an imperfect world. My geology 
colleagues - some of them thought this could not really be done, but we thought that we had a 
statistically significant sampling and that we were relatively confident in the result.” PhD 
Environmental Biologist 
 
 Here we see how scientists struggle with what level of information accuracy is appropriate for the 
study.  The sedimentologists insist that only the samples contained the information they sought – 
everything else was considered to be a degradation of the integrity of the data. The environmental 
biologists were comfortable only with sampling which was statistically significant and thus, sufficient for 
their goals of making valid inferences. Here the problem is partly a difference in their warrants.  
Sedimentologists only accept the sample as their data and direct empirical investigation is their warrant, 
while the environmental biologists employ the warrant of statistical inference to draw conclusions about 
the data (samples). During the study, a compromise was created where a digital map was used with grid 
coordinates and which indicated where the samples were taken so that researchers could refer back to it if 
needed.  This affordance reflected the concerns of the sedimentologists, e.g., the samples did not mirror 
the entirety of the regions in question, but, it also provided the statistically significant data that supported 
the claims for the levels of contamination by the environmental biologists. 
 
 Thus in this instance, the affordances available in the cyber-infrastructure played a crucial 
mediating role a.k.a boundary object in enabling the two distinct (and contradictory) perspectives to be 
expressed in one format that reconciled the needs of both logics.  The different institutional logics were 
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never synthesized completely, nor were the differences in warrants ignored or obscured.  Rather, the 
digital representation formed an amalgam in which distinct positions were combined and retained in a 
coherent structure. 
 
Another key challenge the researchers faced was how to compare incommensurate forms of data.  
Below one of the environmental biologists describes a blueprint for this process.  The goal of this effort 
was to bring some form of coherence to the qualitative significance of the data and arguments. 
 
“Part of the challenge of this process is weighing different categories of evidence. What I mean 
by that is that we have a wide range of evidence about a particular problem.  We might have lab 
tests which show the toxicity effect of an agent on cells, we might have models of how 
contaminants spread in a particular region given water flow, the topography, precipitation 
levels and so forth.  We also might have field tests, etc.  Now the problem is trying to measure 
them qualitatively and rank them according to various indicators such as the quality of the 
evidence the strength of the evidence and its relevance. Now since these are different types or 
categories of evidence you don’t have one clean comparable reference unit. So, what we do is use 
symbols such as stars to rank the evidence.  For example a particular category might have four 
stars for quality, its relevance might be two stars, etc., and so in this way we provide some kind 
of qualitative judgment for the significance of evidence in our thought process.” PhD 
Environmental Biologist 
 
 In essence, here the scientists used the cyber-infrastructure to superimpose selected categorical 
assessments (e.g., quality, strength and relevance) upon incommensurate forms of data embedded in the 
scientific claims. These qualitative judgements were also influenced by the assessment of the warrants, 
backings, rebuttals and qualifiers that were reflected in the arguments that followed.  Since there was no 
standardized measure by which they could be compared, the scientists utilized an arbitrary symbol system 
to reflect the quality and significance of the data and related arguments.  This enabled the scientists to 
evaluate the foundations of the arguments and determine the next steps that needed to be taken in 
building up the evidence into eventual competing hypotheses.  
 In global sense making agility, the scientists chose a mode of interpretation for the evidence that 
had been identified, collated and weighed in the previous step.  In this phase, the scientists drew on more 
than a dozen different stratagems to assemble heterogeneous forms of data. 
“One of the most difficult things that you can do is to combine heterogeneous forms of evidence. 
Like how do you combine field observations, experimental studies or general knowledge about 
known issues into a coherent hypothesis?  This is a big, big issue… We found one way to do this 
is by selecting a systematic method, which depending on the case, is the most appropriate for 
this process.” PhD Environmental Biologist 
“Examples of these would be generating an expert opinion… using criteria guided judgment, 
checklists, logic tables, sequential logic diagrams.  We also need to know the specific logic, the 
specific internal logic of a particular issue…  We might combine the statistical weights in the 
evidence if that’s possible… Now with all of these methods, all have strengths and weaknesses – 
so there’s no one method which can be universally applied and is perfect in every situation.” PhD 
Environmental Biologist 
“In this case in the oil reserve – the decision support software CADDIS was particularly useful 
because it helped us to structure our thinking about the plausible mechanisms for the decimation 
of the Fox population. In the end, we used a logical - sequence flow chart which helped us to 
combine and then assess the various mechanisms that we thought were most likely operating in 
the scenario.” PhD Environmental Biologist 
In this phase the scientists utilized the affordances enacted in the CADDIS software system to 
express the analytic methods that organized various categories of their data and the warrants in the 
arguments.  In this function, the software accomplished two critical tasks.  It first enabled the scientists to 
express the hermeneutic, sense-making of the argument that would effectively determine what data and 
warrants should be accepted in various categories and their significance at the next level of deliberation, 
e.g., hypothesis consideration. It also provided important transparency into their argument formation.  By 
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making the overarching analytical methods overt in the expression of this affordance, the scientists had to 
consider and explicitly articulate the rationale for why a particular method was more appropriate in a 
given case. These two features of the affordance provided the best opportunity for disparate disciplines to 
negotiate how the investigation should proceed. It is at this juncture then, that the distinct and 
incongruent scientific perspectives would have a propitious opportunity to formulate new insights into the 
nature of the issues.   
The importance of this last function of the affordances of the cyber-infrastructure cannot be 
underestimated. For example, below is an episode where the scientists were deliberating on a particular 
analytical method that they would like to use in the study. This particular method – machine learning 
analysis of the data – had the various elements of a Toulmin’s type of argument. It used data that was 
relatively well understood, it had warrants in the form of logical associations and statistical correlations 
which could be understood relatively well, but the net result of the process e.g., the claims could not be 
understood. 
“As an environmental biologist one of the things I’m really interested in is the impact of 
environmental toxins at the cellular level. So we brought in a specialist who has the data that 
shows when some toxins are up or down it will impact how the cell – it will turn on or off 
particular features of the DNA within the cell. In all there are more than 10,000 different types 
of genetic interactions.  So we brought in some machine learning specialists to examine the data 
and give us some idea of what was going on.  In the end, the algorithm produced a beautifully 
simple and elegant equation which described this enormously complex process. So we 
understood the data, we understood the basic principles of the analysis.  We even tested the 
formula and it works great! We had just one problem - we couldn’t interpret what the formula 
meant! So in the end we had to jettison this analysis because it’s not intelligible.” PhD 
Environmental Biologist 
Here the cyber-infrastructure functioned according to its design parameters, but it did not enable 
the scientists to grasp the relationships between the data, the warrants and the claims.  Where the 
CADDIS system provided clarity was the process of formulating the claim, the process characterized 
above was opaque.  A number of scientists remarked how this affordance of the CADDIS system was its 
most important feature in helping them to understand what was happening in the case. 
The final step in this process – hypothesis formation - is about assembling and then selecting the 
most likely hypothesis based on the preponderance of the weighted evidence produced by the previous 
two stages.  The scientists utilized here heuristic principles, e.g., credibility, diversity of the evidence, 
strength and specificity, to screen each hypothesis in order to make a final determination of the most 
likely causes in this case. These principles are conveyed below: 
“We’re looking for criteria that will really drive home the weight of a particular hypothesis. For 
example, we look at credibility… we look at coherence of the body of evidence and diversity 
within the evidence. With credibility we’re looking for relevance and quality of the information, 
and we try to assess the quality of the study design and execution of a particular study or lab 
experiment. Coherence is important too – its internal logical consistency – is it consistent with 
what we know already from the literature? Strength has to do with…. is the evidence compelling 
did the effect occur before or after the cause?  Was the correlation coefficients of the likelihood of 
these events -- are they high or low?  We might also look at the specificity of the evidence if it is 
particularly salient with what we want to know.” PhD Environmental Biologist 
“Again, CADDIS is very helpful here as a decision support package, because it will set things up 
either in a graphic way looking at flowcharts, breaking the hypothesis down into its component 
parts or in a side-by-side comparison of the various hypotheses in these categories.  It helps us 
to highlight some of the strengths and weaknesses of each (hypothesis) and then we have to 
make the final decision with regard to what is the most plausible cause based on the evidence. In 
some instances these presentations by the decision support software has been critical because it 
has either confirmed or reversed our thinking about a particular mechanism operating in the 
system.” PhD Environmental Biologist 
 In this stage, the affordance provides an important holistic function of enabling the scientists to 
consider the totality of the evidence and warrants in each hypothesis.  This process is an outcome of the 
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iterative and recursive contribution of each stage in argument formation. Ultimately, however, the process 
is still driven by human judgment and in some iterations in the case study, the scientists had to revert 
back to earlier steps, because the process had not produced a hypothesis that most representatives from 
the various disciplines could agree on. 
Discussion Section  
 In the contemporary scientific context, the development of robust arguments in the 
environmental sciences field is of paramount importance, but it is also fraught with problems.  Each facet 
of an interdisciplinary scientific argument can be perplexing to construct.  For example, data is a difficult 
idea to define because it can take many forms since each discipline defines what data means in its own 
context, e.g., it may mean a physical sample, numerical measurements, computer models or advanced 
visualizations, to name but a few. The situation is complicated further by scientists who pursue 
interdisciplinary research where they may be subject to different and conflicting standards of what 
constitutes data.  Similarly, there are a myriad of analytical methodologies which may be effective for one 
discipline but problematic for another.  Remarkably, as suggested in the qualitative study above - even in 
the midst of this morass of considerations, disparate disciplines which represent conflicting institutional 
logics can pursue fruitful collaborations supported in part by the properly designed and enacted 
affordances of advanced cyber-infrastructure.   Below are two design considerations which may help even 
the most diverse interdisciplinary teams to collaborate effectively. 
 One important affordance principle to consider in the cyber-infrastructure is the capacity to be as 
inclusive as possible in supporting various standards and categories for data.  In our findings, the stance 
that the sedimentology community takes toward cyber-infrastructure appears to be almost anachronistic.  
They are relatively unaffected by the digital revolution that has taken place in the development of 
scientific tools over the last fifty years.  They tend to rely almost solely on physical samples, and they 
curate their findings in hand-written lab books.  Yet, even this radical form of empiricism, as bereft as it is 
of digital tools, can provide some advantages to an interdisciplinary team.  For example, one of the 
ongoing tensions in the use of cyber-infrastructure is the concern that the information structures 
programmed into the system are necessarily time bound; and therefore they are potentially inadequate 
when faced with new types of questions in the future that may arise due to radical breakthroughs or 
advanced theoretical insights (Edwards et al 2007)(Edwards et al 2012)(Henfridsson and Bygstad 2013).  
By emphasizing the importance of physical samples as the touchstone for their notion of what constitutes 
data, sedimentologists may offer a way to ameliorate this problem by providing a physical sample which is 
system neutral.  Given access to a physical sample that perdures over time, the specimen provides 
information about a phenomenon that is unencumbered by a particular database or software package.  It 
provides future researchers with a wealth of information that may not be available in other curated digital 
systems. 
 Another affordance that is important to nurture in the cyber-infrastructure is the ability to 
provide transparency in all phases of the argument formation process.  As was explicated in the case of the 
cellular biologists and the machine learning specialists, it is not enough for the cyber-infrastructure to 
produce a result which is simple, elegant and reliable.  It must provide some insight into the rationale for 
its creation, or it is an inert finding which will have little value in the research community.  Efforts 
invested in augmenting the “global sense making agility” and “hypotheses formation” affordances within 
the cyber-infrastructure may attenuate the “black-box” conundrums prevalent in contemporary research. 
Limitations 
 As was prevalent throughout much of this qualitative study, the environmental sciences field is an 
extremely diverse community of practice.  Consequently, characterizing the institutional logics of a 
particular sub-discipline such as the sedimentologists and environmental biology disciplines must 
necessarily be qualified by acknowledging the diversity not only between disciplines but within them as 
well.  For instance, there are many sedimentologists in the petroleum industry who utilize advance super 
computer centers to analyze their findings.  However, this study does provide an account of some research 
trends within the ES community which highlights the radical differences in the approach to evidence 
giving and analysis. 
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Future Research 
This study examined only two diverse fields as they coordinated their work in an interdisciplinary 
team.  Examining the institutional logics of two organizations is typical of the IS research field in general. 
Thus, future research opportunities include examining how three or more distinct institutional logics 
influence the dynamics of disparate disciplines as they utilize the cyber-infrastructure to conduct their 
research.  In addition, examining exactly what types of design affordances promote the most flexibility in 
data acquisition has yet to be established.  Finally, developing studies that could produce theoretical 
insights into what specific affordances provide the most transparency in the argument formation process 
would be of invaluable assistance given their centrality to the research enterprise.  
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